Conidiation of filamentous fungi in submerged liquid cultures is generally suppressed (1) and is, therefore, a rare phenomenon.
Since the initial discovery that conidiation can occur in submerged liquid cultures (2) , a number of cases of asexual sporulatinn of filamentous fungi in liquid shake cultures have been reported (listed in 3 and 4). In many cases submerged conidiation can be induced or increased by the manipulation of medium constituents or culture conditions (5) (6) (7) .
By manipulating the constituents of the medium it is possible even to induce conidiation in submerged cultures. of a normally non-sporulating strain of Gibberella zeae (8) .
Liquid shake cultures of filamentous fungi have been used extensively for biochemical studies because they are easy to harvest and also in the hope that under submerged conditions one is dealing with a metabolically homogeneous population of vegetative hyphae. The present report emphasizes that the latter is not true and, in those cases where biochemical studies are undertaken to elucidate the various problems of differentiation, one has to be overcautious.
Of late Aspergillus nidulans (9) (10) (11) (12) has been used extensively in genetical and biochemical analyses of fundamental aspects of growth and differentiation and, therefore, it is important to know the various aspects of submerged conidiation ;n this mould. It is with this in mind that the present 142 SAXENA and SINHA VOL. 19 studies were undertaken. The properties of conidia formed in shake cultures are reported.
MATERIALS AND METHODS

Throughout
the course of the present investigation a biotin-and riboflavinrequiring strain (bi A1, ribo A1) of Aspergillus nidulans, obtained from the Glasgow Stock, was used. Composition of minimal (MM) and complete (CM) media has been described earlier ( 9 ) . Cultures were multiplied on CM slants. Conidia for starting liquid cultures were harvested from 3-4 days old cultures and were suspended in normal saline containing Tween 80 as a detergent.
Liquid shake cultures were grown in 50 ml of the medium contained in 250-ml flasks, seeded with 107 conidia. Flasks were incubated at 37° at 150 rpm in a Gyrotory New Brunswick Shaker.
Conidial harvest was filtered through sterilized cotton, centrifuged for 15 min at 1,000x q, washed twice with sterilized water, and resuspended in normal saline before being dispensed in culture flasks.
All the chemicals used were of analytical grade and were obtained from commercial sources.
RESULTS
Conidiation in minimal medium
In A. nidulans, about 45-50% of the inoculated conidia germinate within the first 12 hr of incubation and ball-like colonies are visible by 18 hr of growth.
Conidiation in the submerged medium starts after about 30 hr of incubation.
By this time a large number of conidiophore primordia are clearly visible.
They are erect somatic hyphae with dense cytoplasm and swollen tips ( Fig. 1) . Within a few hours of the appearance of these vesicles, well formed conidiophores with typical vesicles and sterigmata can be seen (Fig. 2) . Long conidial chains are not visible on the sterigmatic heads, perhaps because they get detached due to vigorous shaking.
Sometimes the conidia are not pinched off and long sterigmata are formed (Fig. 3) . The asexual fruiting bodies lack the green pigment which is produced in a static liquid or solid medium by the aerial heads. Somatic hyphae are coenocytic and normal.
Even until 48 hr of incubation, vegetative growth is vigorous and there are no signs of senescence.
As a. culture grows old, melanin is excreted into the medium which turns yellowish brown.
It darkens with the passage of time. There is no appreciable change in the pH of the culture medium.
It is maintained between 6.3 and 6.5.
Role of inorganic constituents of the medium
In order to find out the effect of different inorganic salts on conidial germination, overall growth, and submerged conidiation in A. nidulans, cultures were grown in media lacking one of the constituents at a time. Observations taken at regular intervals clearly indicated that conidia can germinate in the absence of any of the inorganic salts (Figs. 4-7) , but that NaNO3, MgSO4, and KH2PO4 are essential for further growth.
In the absence of KCI, conidia germinate, grow, and form hard ball-like colonies with very thin and interwoven mycelia. Such colonies do not sporulate even after 48 hr of incubation.
After about 60 hr, the morphology of these balls changes and fibrous mycelial projections come out at a few places (Fig. 8A) . Even at this stage there is no conidiation, but erect hyphae with dense cytoplasmic contents are visible. Browning of the medium is very pronounced.
On being transferred to a fresh liquid minimal medium, these colonies change to normal colonial morphology and produce asexaal spores (Fig. 8B) , indicating that the capacity to produce conidia is not lost during abnormal growth in the absence of KC1. Wherever germination of conidia is retarded or inhibited, there is agglutination.
Otherwise, conidia germinate, hyphae get entangled, and ball-like pellets are formed.
Properties of conidia formed in liquid cultures
Conidia produced in liquid cultures were harvested by filtering the cultures through a pad of sterilized cotton, which retains the hyphae and lets out only conidia and small bits of mycelia.
The latter two were separated by repeated washings and centrifugations.
Usually the conidial suspension becomes free of hyphal pieces after two centrifugations.
However, the purity of conidial suspensions was examined under the microscope before inoculation.
On being inoculated in liquid media, there conidia germinate within 12 hr. The colonies thus formed are slow growing and sparsely branched. After about 36 hr of inoculation, vesicles, sterigmata, and conidia are formed as usual. The culture medium turns yellowish brown within 48 hr of hyphal growth.
After further transfer of these conidia to liquid media, sparsely septate and more vacuolated hyphae were produced. Asexual conidiation was also slightly delayed.
So much so that after 4 th subculture the mycelia were very thin and no conidiation occurred even after 60 hr of inoculation.
Whenever the conidia were transferred to solid media, they produced normal colonies. Colonies transferred from liquid cultures of 3rd shift to solid media produced cleistothecia within 3 days.
In no case were sexual fruiting bodies or their primordia visible in liquid cultures.
DISCUSSION
Submerged conidiation of filamentous fungi depends on a delicate balance between different metabolites in the medium.
Slight changes may promote or inhibit conidiation.
They may also control the extent and type of filamen- VOL. 19 tous growth. Under certain conditions the proliferating mycelia of Aspergillus ochraceus pass a point of no return and in such cultures conidiation could not be induced by changing the culture conditions ( 3 ). This is perhaps not true for A, nidulans.
Irrespective of their previous culture conditions, the hyphae can be induced to conidiate by growing in suitable media. In A, ochraceus, sometimes only typical fruiting heads are formed and no conidiation occurs ( 3 ) but, in A, nidulans, it seems that, once the head primordia are formed, they grow and differentiate to form the conidia.
It may be because in A, ochraceus different aspects of conidial development are differently controlled whereas in A, nidulans they are under co-ordinate control. Except for the green colour, the conidia formed under submerged conditions are similar to those formed by the aerial hyphae.
In filamentous fungi pellet formation may be the result of either agglutination of spores or aggregation and clumping of germinated spores, or both (4).
We have not been able to see agglutination prior to aggregation in A. nidulans. This is correlated with almost no change in pH of the growth medium, during the first 24 hr.
The observation that colonies grown in liquid media for a long time are able to produce cleistothecia within 3 days of their transfer to the solid culture is of practical importance.
This may provide a means of obtaining hybrid perithecia in abundance and much more quickly from heterokaryons which on solid media either sparsely or never form cleistothecia. While growing in liquid media, the colonies consume at least some of the nutrients much more quickly and reach the stationary phase within 40 hr (13) and thus get programmed for sexual reproduction, but cleistothecia or cleistothecial primordia have not been observed in liquid shake cultures.
Unless the mycelia are harvested early, it is difficult to get a homogeneous hyphal mass without conidia or head primordia.
Biochemical investigations of fungal morphogenesis carried out with liquid shake cultures, therefore, should be interpreted with caution.
One has to be overcautious with the metabolites that are produced in low quantities or the enzymes that appear and disappear during different stages of differentiation.
Continuous cultures of filamentous fungi will yield a fixed proportion of conidia and hyphae, once a steady state is reached.
There is a need, therefore, to investigate submerged sporulation in continuous cultures before they are used extensively for experiments in cell and molecular biology. x 300. VOL. 19
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